23-Amino-4',23-dideoxymycaminosyl tylonolide diethyl acetal (5) has been prepared from 4',23-dideoxy-23-iodomycaminosyl tylonolide diethyl acetal (3) by treatment with sodium azide followed by selective reduction of the resulting azide (4). 23-Acylamino-23-deoxy (6-8) and 23-deoxy-23-urethane-type compounds (12-j 15) were further prepared.
Starting material, 23-deoxy-23-methylamino diethyl acetal (9) was prepared from 3 and methylamine according to the method reported'). This 9 and the N-ethyl analogy (10) were then treated with several chloroformates as described before to give, after deblocking, the desired N-alkyl urethanes (16-21).
Another group of urethane-type compounds having N,N-dimethylaminoethyl and N,N-dimethylaminopropyl groups were further prepared.
The compound 10 were treated with 2-bromoethyl chloroformate or 3-bromopropyl chloroformate and the resulting bromo derivatives were reacted with dimethylamine to give, after deblocking the formyl protecting groups, the desired derivatives (29 and 30).
A series of derivatives having N-alkyl-2-hydroxyethylamino groups at C-23 were further prepared in order to compare the effect of the j3-oxygens with those of related compounds (for example, see 16b and 17b of a literature1)), on antibacterial activities against Gram-negative bacteria. Treatment of 3 with commercially available N-methyl-2-hydroxyethylamine, N-ethyl-2-hydroxyethylamine, N-propyl- Tables 2 and 3 . ** Erythromycin-resistant strain; the same in Tables 2 and 3. 2-hydroxyethylamine (newly prepared), and N-butyl-2-hydroxyethylamine gave, after deblocking the formyl group, the desired products (22-25).
In a similar way, the bis(2-hydroxyethyl)amino derivative (26) was prepared by treating 3 with bis(2-hydroxyethyl)amine. Dialkylamino derivatives (27 and 28)
having an ether group, that is, N-ethyl-2-methoxyethylamino and N-propyl-2-methoxyethylamino groups were also prepared by treating 3 with N-ethyl-2-methoxyethylamine and N-propyl-2-methoxyethylamine.
The antibacterial spectra of the new derivatives were shown in Tables 2-4 . As shown in Tables 2   and 3 , the amido-and urethane-type compounds gave similar antibacterial activities as compared with the activity of 4'-deoxymycaminosyl tylonolide (2) taken as the reference, although the urethanes have somewhat better activities than amides, and among them 12 was found to be the best. (5) To an ice-cold solution of 4 (1.554 g) in Me,CO (31 ml) was added chromium (II) chloride') (10 ml of 1.43 M solution in 0.6 M aq HCl), and the deep blue mixture was stirred at 0°C for 5 minutes under argon atmosphere. Nitrogen gas was evolved during the period. The mixture was poured into icecold half-satd aq sodium hydrogencarbonate (150 ml), filtered with aid of Celite, and the filtrate was extracted with CHCl3. The organic solution was washed with satd aq sodium carbonate, satd aq sodium sulfate, dried (Na2SO4), and concentrated.
Column chromatography of the residue (1. 23-Acetamido-and Benzamido-4',23-dideoxymycaminosyl Tylonolides (6 and 7) A mixture of 5 (65 mg), sodium hydrogencarbonate (25 mg), and acetic anhydride (22 mg) (for 6) or benzoyl chloride (27 mg) (for 7) in 60 % aq MeOH (3.2 ml) was stirred at 0°C for 10 minutes and then at room temp for 2 hours. After addition of satd aq sodium hydrogencarbonate (1 ml), the mixture was extracted with CHCl, (1 ml x 3) . The organic solution was washed with satd aq sodium sulfate, dried (Na,SO,), and concentrated. A solution of the crude acylated product dissolved in a mixture of 0.1 M aq HCl (4 ml) -acetonitrile (1.5 ml) was kept at room temp for 1 hour, neutralized with sodium hydrogencarbonate, and extracted with CHCl, (1 ml x 3) . The organic solution was washed with satd aq sodium sulfate and concentrated. Column chromatography of the residue with CHCl, -MeOH -28 % aq NH3(30: 1: 0.1) gave a solid of 6, 58 mg (88%) and 7, 56 mg (85 %). 4 g ) with N-hydroxysuccinimide (1.15 g) and dicyclohexylcarbodiimide (2.05 g) in tetrahydrofuran (34 ml) containing triethylamine (10 ml) at 5°C for 1 day. To the resulting supernatant solution (8 ml), 5 (44.5 mg) was added and the mixture was kept at room temp for 2 hours. Evaporation gave a residue, that was extracted with CHCl, (2 ml). Usual work-up gave a syrup. Purification by column chromatography with CHCl, -MeOH -28 % aq NH, (30: 1:0.1) gave a solid (38 mg). The acylated product was then deblocked by the procedure as described for 6 to give a solid of 8, 29 mg (64%); 1H NMR (CDCl,) 5 A solution of 3 (678 mg) and methylamine (17 ml of 5 M solution in acetonitrile) in acetonitrile (50 ml) was heated at 80'C for 1 hour. Additional methylamine (8.5 ml of the above solution) was added, and the reaction was continued for further 1.5 hours. Evaporation gave a residue, that was purified by column chromatography with CHCl, -MeOH -28 % aq NH3 (20: A mixture of 5 (' 60 mg), sodium hydrogencarbonate (3 equiv for 5) and the acylating reagents (1.2 equiv for 5), that is, methyl chloroformate (for the preparation of 12), ethyl chloroformate (for 13), phenyl chloroformate (for 14), or benzyi chloroformate (for 15) in 60%. aq MeOH (3 ml) was stirred at 0°C for 10 minutes, then at room temp overnight. After addition of satd aq sodium hydrogencarbonate (2 ml), the mixture was extracted with CHCl3 (1 ml x 3). The products obtained were then deblocked as described for 6 to give the desired products. hours. Work-up including hydrolysis as described for 26 gave the desired N-alkyl-23-(2-hydroxyethylamino) derivatives.
4',23-Dideoxy-23-bis(2-hydroxyethyl)aminomycaminosyl
Tylonolide (26) A solution of 3 (87 mg) and bis(2-hydroxyethyl)amine (120 mg) in acetonitrile (1.7 nil) was heated at 80°C for 10 hours. Evaporation gave a residue, that was extracted with CHCl3 (6 ml). The organic solution was washed with satd aq sodium hydrogencarbonate, satd aq sodium sulfate, dried (Na,SO.,), and evaporated to give a solid (83 mg). A mixture of the solid in acetonitrile (1.6 ml) and 0.1 M aq HCl (3.3 ml) was kept at room temp for 1 hour. Neutralization with said aq sodium hydrogencarbonate was followed by extraction with CHCl,. The organic solution was washed with satd aq sodium sulfate, dried (Na,SO,), and concentrated.
Column chromatography of the residue with CHCl, -McOH -28 % aq NH3 (12: 1:0. Work-up in a usual manner and hydrolysis as described for 26 followed by column To an ice-cold mixture of 10 (30 mg) and sodium hydrogencarbonate (11 mg) in 60% aq MeOH (1.5 ml) was added 2-bromoethyl chloroformate (12.4 mg) and the mixture was stirred for 1.5 hours at 0°C. Addition of satd aq sodium hydrogencarbonate (1 ml) was followed by extraction with CHCl, (0.5 ml x 3). The organic solution was washed with satd aq sodium sulfate, dried (Na,SO,), and concentrated. Column chromatography of the residue with CHCl, -MeOH -28 % aq NH, (40: 1: 0.1) gave the 23-N-(2-bromoethoxycarbonyl) derivative (26 mg) as a solid. A mixture of the solid and dimethylamine (190 mg; used as the acetonitrile solution) in acetonitrile (1 ml) was heated at 80°C for 30 minutes, followed by an additional same amount of dimethylamine, and further heating for 30 minutes. Evaporation, extraction of the residue with CHCl, (0.5 ml x 3), washing the organic solution as usual, and concentration gave a solid of the dimethylamino derivative. A mixture of the solid in acetonitrile (0.52 ml) and 0.1 M aq HCl (1 ml) was kept at room temp for 30 minutes to cleave the formyl protecting groups. Neutralization with satd aq sodium hydrogencarbonate was followed by usual purification procedure gave crude 29, that was further purified by column chromatography with CHCl3 - N-Ethyl-2-methoxyethylamine To a mixture of 2-methoxyethylamine (I g) and triethylamine (2 ml) in acetonitrile (5 ml) was added acetic anhydride (1.5 g), and the solution was kept at room temp for 30 minutes. Evaporation, extraction of the residue with CHCl, (15 ml), washing the organic solution with satd aq sodium chloride, satd aq sodium hydrogencarbonate and H,O, dried over sodium sulfate, and evaporation gave a solid of N-(2-methoxyethyl)acetamide 1.6 g. A mixture of the solid and lithium aluminium hydride (780 mg) in tetrahydrofuran (12 ml) was refluxed for 2 hours. Addition of sodium sulfate 10 hydrate to decompose the excess lithium aluminium hydride was followed by filtration with aid of dichloromethane. The organic solution was extracted with aq HCl and to the aq acidic layer was added sodium hydroxide and the mixture was extracted with dichloromethane.
Evaporation gave a liquid of the title amine, 48 mg (34%).
